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Specification 

Title of the Invention: Exposure Apparatus 
Scope of Patent Claim 

1 . An exposure apparatus that detects via a lens system a first pattern of a substrate in which a photosensitive material 
layer is formed on the first pattern and that performs alignment of a second pattern, which is to expose the 
photosensitive material layer, with the first pattern and that causes exposure of the photosensitive material using the 
second pattern; characterized in that it is configured by interposing an optically transparent liquid layer between the 
lens system and the substrate and bringing the lens system into contact with the liquid layer via an optically parallel 
and transparent plate-shaped member. 
Detailed Explanation of the Invention 

The present invention relates to improvements to an exposure apparatus used in manufacturing processes 
such as those for semiconductor integrated circuits, etc. 

In a semiconductor exposure apparatus that, after observation of the pattern on the semiconductor substrate, 
on which a first detailed pattern has been drawn, and relative alignment are performed, projects a second pattern, the 
first pattern to be observed has a bump-shaped form that has irregularity, and a photoresist layer, which is a 
photosensitive material, is formed on that bump-shaped pattern. However, this photoresist layer is such that 
irregularity is produced according to the irregularity of the first pattern to be observed, and the coating thickness 
thereof becomes no longer uniform, and when observation light is irradiated, the reflected light from the 
semiconductor substrate and the incident light going to the semiconductor substrate interfere with each other, 
interference fringes resulting from the differences in film thickness of the resist layer are produced, and this leads to 
malfunctions in terms of observation optics. 

Therefore, the purpose of the present invention is to provide an exposure apparatus that detects the position 
of the first pattern with high accuracy by reducing the effect of interference fringes produced due to the differences in 
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film thickness of the photoresist layer formed on a substrate that has a first pattern and that exposes the second pattern 
correctly. 

In order to achieve the aforementioned purpose, the present invention is an exposure apparatus that detects 
via a lens system a first pattern of a substrate in which a photosensitive material layer is formed on the first pattern 
and that performs alignment of a second pattern, which is to expose the photosensitive material layer, with the first 
pattern and that causes exposure of the photosensitive material layer using the second pattern; characterized in that it 
is configured by interposing an optically transparent liquid layer between the lens system and the substrate and 
bringing the lens system into contact with the liquid layer via an optically parallel and transparent plate-shaped 
member. 

Through the present characteristic configuration of the present invention, it is possible to restrict the effects 
of interference fringes attributable to irregularity in the film thickness of the photoresist layer, so it is possible to 
correctly detect the position of the pattern on the substrate. As a result, it has become possible to provide an exposure 
apparatus capable of high accuracy exposure. 

The present invention will be explained in detail below while referring to all of the embodiments. 

FIG. 1 shows the basic configuration of an exposure apparatus resulting from the present invention. The 
exposure apparatus comprises a light source 1, a condenser lens 2, a reticle 3 on which an enlarged pattern has been 
drawn, and a reduction projection lens 4, and it forms the desired pattern on a wafer 5 by projecting the pattern drawn 
on the reticle 3 to a photoresist layer, which is a photosensitive material coated onto the semiconductor wafer 5 that is 
the substrate. 

In general, for semiconductor devices, it is necessary to perform high accuracy alignment of various circuit 
patterns several times and perform exposures superimposingly. To perform the exposures superimposeingly, the 
position of a first pattern 7 formed in advance is detected by detection optical systems 8, 1 1, a movable base 9 on 
which the wafer 5 has been placed is driven, positioning of the wafer 5 to the desired position is performed, and 
exposure is performed in the correct alignment with the second pattern formed on the reticle 3. Normally, the first 
pattern 7 discussed above forms an irregular bump shape, so the surface shape of the photoresist layer 6 for exposing 
the second pattern of the reticle 3 also produces irregularity (film thickness differences) as shown in the irregularity of 
the first pattern 7. 

The detection optical systems 8, 1 1 of the position of the first pattern 7 detect the first pattern 7 via a 
reduction projection lens 4. In general, reduction projection lenses with high resolving power used in exposure 
apparatuses are designed for a single wavelength of light, so the light used in the detection optical systems 8, 1 1 also 
uses a single wavelength of light. When a single wavelength of light is used to detect the first pattern 7 via a 
transparent photoresist layer 6, the reflected light from the surface of the wafer 5 and the incident light going to the 
wafer 5 interfere with each other, interference fringes that correspond to the difference of film thickness of the 
photoresist layer 6 are produced at the interface at which medium with different refractive indices come into contact, 
such as the photoresist layer and the air layer. These interference fringes become shaded line shapes, so it is difficult 
to distinguish them from the contours of the first pattern 7, which becomes a cause of detection error, and, as a result, 
this becomes a factor that causes deterioration of alignment accuracy. Particularly in the case where film thickness 
differences (irregularity) 10 of a photoresist layer 6 with a shape that is completely similar to the shape of the first 
pattern 7 are obtained, interference fringes are used to detect the position of the first pattern 7, and it is also possible to 
infer the pattern position from this, but, in actuality, it is not possible to obtain the film thickness differences 
(irregularity) 10 of a photoresist layer 6 with a shape similar to a first pattern 7 that has bumps. 

Therefore, in the present invention, the occurrence of interference fringes resulting from film thickness 
differences (irregularity) 10 of the photoresist layer 6 discussed above is reduced to improve detection accuracy of the 
first pattern 7, so it is configured in the following way. In order to reduce the occurrence of interference fringes, the 
difference in the refractive indices at the interface where the surface of the photoresist layer 6 and the liquid layer 12 
come into contact becomes smaller due to the fact that the surface of the photoresist layer 6 is covered by a liquid 
layer 12 that has a refractive index that is nearly equal to the refractive index of the photoresist layer 6, and the 
occurrence of interference fringes at the surface of the photoresist layer 6 can be reduced. However, in a static status, 
the surface of the liquid layer 12 becomes a free surface, so it is flat, but in the case of use as an exposure apparatus, 
the movable base 9 on which the wafer 5 has been placed steps and repeats at high speed, so a problem occurs in that 
the surface of the liquid layer 12 undulates. Therefore, in order to always keep the surface of the liquid layer 12 flat 
with respect to the reduction projection lens 4, in the present invention, an optically parallel and transparent glass 
plate 13 is provided at the lower end of the reduction projection lens 4. The glass plate 13 maintains a status in which 
it is always in contact with the liquid layer 12. The reduction projection lens 4 and the glass plate 13 are partitioned by 
a seal material 14. Here, the lens 15 is a front lens that constitutes the lens system of the reduction projection lens 4. 
Even at the interface at which the glass plate 13 and the liquid surface 12 come into contact, generation of interference 
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fringes from the difference in the refractive indices is possible, but by appropriately specifying the thickness of the 
liquid layer 12, it becomes easy to set up that interface in a region outside the depth of focus of the reduction 
projection lens 4, so the refractive index of the glass plate 13 can be set as desired. 

Therefore, it is possible to use a glass plate 13 that has a refractive index that is most appropriate to the 
reduction projection lens 4. Note that focusing procedure of the reduction projection lens 4 in the case in which the 
glass plate 13 and the liquid layer 12 are passed through is achieved by performing control by moving the movable 
base 9 in the optical axis direction. 

In the aforementioned way, the present invention is able to achieve the effect of reducing the generation of 
interference fringes produced mainly at the surface of the photoresist layer 6, and it is such that the following related 
benefits can also be obtained. 

By using the liquid layer 12 which has been cleaned and temperature controlled, it is easy to make the effects 
of adherence of dust and dirt onto the wafer 5 and of temperature changes at the periphery, which are problems in 
terms of semiconductor processes, extremely small, and yield improvement can be pursued in semiconductor 
processes in which the formation of fine patterns is required. 

The photoresist used in the embodiment discussed above is positive photoresist AZ1350J made by Shipley, 
and the photoresist layer 6 was formed by coating a thickness of approximately 1 urn of this photoresist layer. The 
refractive index of this photoresist layer 6 for the light is approximately 1 .65. In addition, for the liquid layer 12, two 
types, which are water with a refractive index of light of approximately 1 .33 and benzene with the refractive index of 
light of approximately 1 .50, were used. In addition, the glass plate 1 3 is a commonly used optical glass, and one with 
a thickness of approximately 2 .3 mm was used. The refractive index for the light of this optical glass is 
approximately 1.5. 

Note that present invention is able to prevent disturbance such as interference fringes, so it can also be 
applied as a high resolution, high accuracy fine pattern inspection apparatus. 

Also, in semiconductor exposure apparatuses that adopt a system of detecting the position of the pattern on 
the wafer using a second lens optical system in addition to the main projection optical system in the semiconductor 
exposure apparatus, it is possible to prevent disturbance resulting from interference fringes attributable to the 
irregularity of the surface of the photoresist coated onto the wafer and to improve detection accuracy by applying the 
present invention to the lower end of the objective lens of the second lens optical system that opposes the wafer. 

As explained above, to prevent erroneously detecting of the position of the pattern on the wafer resulting 
from interference fringes generated by irregularities in the film thickness of the photoresist layer coated onto the 
semiconductor substrate, high accuracy pattern superposition can be performed by using a configuration of an 
exposure apparatus that performs driving in a status in which the surface of the photoresist layer is covered using a 
liquid layer with a refractive index near the refractive index of the photoresist layer and an optically parallel and 
transparent glass plate provided on the lower end of the reduction projection lens is brought into contact with the 
liquid layer. 

In addition, since the surface of the photoresist layer is covered by a cleaned liquid layer, it becomes easy to 
perform dustproofing countermeasures on the wafer. Moreover, since it is possible to use a liquid layer with a high 
thermal capacity, related effects such as it also being possible to easily prevent deformation etc. of the wafer with 
respect to external temperature changes can be achieved. 
Brief Explanation of the Drawings 





FIG. 1 is a schematic block diagram of an exposure apparatus resulting from the present invention. 
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